Background: The aim was to estimate the direct costs caused by ADEs, including costs for dispensed drugs, primary care, other outpatient care, and inpatient care, and to relate the direct costs caused by ADEs to the societal COI (direct and indirect costs), for patients with ADEs and for the entire study population.
Introduction
Adverse drug events (ADEs), ''injuries resulting from medical intervention related to a drug'', [1] cause significant harm to patients and increased resource use. It has been estimated that 5-6% of all hospitalisations are drug-related, [2, 3] and the additional hospitalisation costs of patients experiencing ADEs have been estimated to USD 2284-5640 per patient (2000 values). [4] However, indirect costs, costs in the general population, and costs in outpatient settings, caused by ADEs, have not been included. Hence the costs caused by ADEs are largely unknown. [4, 5] In a Swedish survey study of the adult general public, respondents reporting ADEs during one month had a 150% higher overall cost of illness (COI) compared to respondents without ADEs, and considerable direct costs caused by ADEs. [6] However, these costs based on survey data may be underestimated, as the respondents probably had fewer healthcare encounters than non-respondents.
Thus we conducted a study to examine ADEs identified from medical records in a random sample of the adult general population. The aim of this study was to estimate the direct costs caused by ADEs, including costs for dispensed drugs, primary care, other outpatient care, and inpatient care, and to relate the direct costs caused by ADEs to the societal COI (direct and indirect costs), for patients with ADEs and for the entire study population.
Methods

Ethics statement
The study received ethical approval from the Regional Ethical Review Board in Gothenburg (approval reference number: 644-08). Informed consent was not obtained since the retrospective study did not affect the healthcare of the included individuals.
Although personal identity numbers were used to link data from medical records and registers, data were analysed anonymously. Statistics Sweden replaced the personal identity numbers by a random serial number after the final data linkage.
Study design
We conducted a population-based observational retrospective cohort study to examine ADEs identified from medical records from primary care, other outpatient care and inpatient care. Identified ADEs included: adverse drug reactions, drug abuse, drug dependence, drug intoxications from overdose, sub-therapeutic effect of drug therapy, and morbidity due to drug-related untreated indication. [7] During a three-month study period in 2008, information on direct and indirect costs was obtained from the medical records and register data. . Data collection to identify adverse drug events (ADE) from medical records. * Hospitalisations or outpatient physician or nurse encounters. ** In addition to hospitalisations and outpatient physician or nurse encounters, any healthcare encounter includes also other outpatient encounters (that were not eligible for the medical record review), e.g. physiotherapist and nutritionist encounters. doi:10.1371/journal.pone.0092061.g001
Participants and data collection
In depth description of the sample size calculation, identification, exclusion and evaluation process is reported elsewhere. [7] In brief, a random sample of 5025 individuals 18 years or older on 31 December 2007 were identified by Statistics Sweden from the Ö stergötland County adult population, a county with 335 780 adult inhabitants in 2008. [8] To manage seasonal variation, the study population was randomly divided into four groups and each group was allotted a three-month study period during 2008.
The healthcare encounters of individuals still living in the county during the allotted study period (n = 5000) were identified from the Care Data Warehouse, the regional patient register in Ö stergötland County that includes all public and most private healthcare encounters. Data on prescribed and dispensed drugs were obtained from medical records and the Swedish Prescribed Drug Register of the National Board of Health and Welfare. A pharmacist manually reviewed the medical records of individuals with hospitalisations or outpatient physician or nurse encounters during the study period (n = 2464), including medical records before and after the study period. From the medical records, using triggers and a list of dispensed drugs from four months before to one month after the study period, the pharmacist collected data on suspected ADEs in a standardised data collection sheet. The suspected ADEs were evaluated independently by two experienced professionals, one physician and one pharmacist, according to published criteria for causality, [9] preventability, [10] and contribution to hospitalisations. [10] The individual evaluations were discussed to reach consensus. ADEs judged definite, probable or possible [9] were categorised as preventable [10] (definitely or possibly) or not, and categorised as adverse drug reactions, drug abuse, drug dependence, drug intoxications from overdose, subtherapeutic effect of drug therapy, and morbidity due to drugrelated untreated indication. [7] After the medical record review, 4970 individuals were included in the final analyses (figure 1).
Using personal identity numbers, data from the medical records, the Care Data Warehouse, and the Swedish Prescribed Drug Register were linked to additional register data: demographic and socioeconomic variables (age, sex, country of birth, education, marital status, main occupation, and disposable income) from Statistics Sweden, sick-leave and disability pension from the Social Insurance Agency, and administrative data from the Cost Per Patient Register from Ö stergötland County Council. Main occupation was derived from register data, assuming that the sources and distribution of income reflected the individuals' occupations (e.g. if the main income was from student grants the occupation was interpreted as student).
Direct costs caused by ADEs
For patients with ADEs, each healthcare encounter during the study period was evaluated for costs caused by prevalent ADEs. The association between the ADEs and the healthcare encounter was evaluated as dominant (i.e. the main reason for the encounter), partly contributing (i.e. played a substantial role for the encounter), less important (i.e. played a minor or uncertain role for the encounter), or not contributing (i.e. other symptoms/circumstances were the main reason for the encounter). The categories were based on Hallas' criteria for drug-related hospitalisations. [10] For encounters with at least ''less important'' association, the costs of diagnosing, treating, and monitoring ADEs included healthcare use and costs of dispensed drugs assigned from the Cost Per Patient Register or the Swedish Prescribed Drug Register. The direct costs caused by ADEs consisted of the full costs of healthcare encounters dominantly caused by ADEs, and additionally the costs of diagnosing, treating or monitoring ADEs when the entire encounter was not dominantly caused by ADEs. If costs were not identified in the register, the resource use was reported descriptively.
Direct and indirect costs in the societal COI COI studies measure the economic impact of disease and can be used to inform decision makers of the financial relevance in relation to other health issues. [11] COI can be estimated from the societal perspective, which includes both direct and indirect costs regardless of who holds the expense. [12] Direct costs are the costs of used resources (e.g. in healthcare), and indirect costs are costs due to loss of productivity. [11] For the societal COI, direct and indirect costs were estimated for all study individuals. The direct costs included costs of healthcare services from the Cost Per Patient Register and dispensed drugs (both individuals' out-of-pocket costs and reimbursements) from the Swedish Prescribed Drug Register. Data for indirect costs were extracted from the Swedish Social Insurance Agency and included individuals' lost productivity due to sickleave or disability pension, estimated by the human capital approach, [11] based on the age-specific national wages statistics and compulsory social security contributions. [13, 14] Analyses Description of the study population. Differences in the socio-demographic characteristics of patients with ADEs compared to patients without ADEs, and all patients compared to individuals without any healthcare encounters, were tested for statistical significance (at p,0.05) using Fisher's exact test, or chi square test when exceeding the memory limit of Fisher's exact test. All cost analyses were prevalence-based, i.e. included costs during the study period for each patient, and were translated to United States dollar (USD) using the 2008 exchange rate (USD 1 = SEK 6.5808 [15] ). All cost estimates were described with 95% confidence interval.
Analyses of direct costs caused by ADEs. For patients with ADEs, the average total direct costs caused by ADEs per person with ADEs were reported descriptively. The average direct costs for encounters dominantly caused by ADEs and for encounters with interventions for diagnosing, treating, or monitoring ADEs were also described, to enable comparisons to other studies. Interventions for diagnosing, treating or monitoring ADEs without an assigned cost in the register were presented descriptively. The distribution of healthcare encounters with direct costs caused by ADEs was also reported by care level: in primary care, other outpatient care (e.g. specialist physician visits and outpatient clinics in hospital) and inpatient care. The overall direct costs for ADEs per 100 000 adult inhabitants per year were calculated from the direct costs resulting from all ADEs during the three months, as following: [(direct costs per person with ADEs * total number of persons with ADEs)/all study individuals] * 4 * 100 000. The multiplication by four was for extrapolating three-month costs to annual costs.
Analyses of directs costs caused by ADEs in relation to
societal COI. For patients with ADEs, direct and indirect costs were described and tested for statistical significance (p,0.05) compared to patients without ADEs, using two-tailed t-tests with unequal variances. Since the cost data were skewed, Wilcoxon rank-sum test was also used, but with minimal changes to the statistical significances. For patients with ADEs, the direct costs caused by ADEs and the societal COI, were presented by patient and ADE characteristics. Differences by age categories were tested for statistical significance (p,0.05) using one-way Anova, and by sex using two-tailed t-tests with unequal variances. The average direct healthcare costs per person were also illustrated by care level (dispensed drugs, primary care, other outpatient care, and inpatient care) for the study population, all patients with healthcare encounters, total costs for patients with ADEs, and for costs caused by ADEs among patients with ADEs.
Sensitivity analysis. A sensitivity analysis of the direct costs was conducted based on Diagnosis Related Groups [16] (DRG; a system for classifying patients on resource use, based on diagnoses, procedures performed, age, sex and status at discharge). The DRG weight of each encounter was identified from the Care Data Warehouse. Differences in DRG weight per encounter, between patients with and without ADEs, were tested for statistical significance (p,0.05) using a two-tailed t-tests with unequal variances.
Statistical analyses were made using the STATA/IC statistical software, version 11.2.
Results
ADEs were identified among 596 (12.0%) of the 4970 individuals in the study population. The characteristics of the study population are presented in table 1. The identified ADEs are further described elsewhere. [7] Direct costs caused by ADEs
ADEs were assessed as a dominant cause of 991 healthcare encounters (table 2), causing 15.9% of all 189 hospitalisations and 18.0% of all 206 somatic emergency department visits in the study population during the three months. Interventions for diagnosing, 
Direct costs caused by ADEs in relation to the societal COI
Among the 596 patients with ADEs, the average direct costs caused by ADEs and the direct and indirect components of the societal COI did not differ by patient characteristics (table 5) , apart from lower indirect costs in patients above the Swedish retirement age ($65 years). The proportions of direct costs by care level are presented in figure 3 for the entire study population, for all patients with healthcare encounters, for all patients with ADEs, and for direct costs caused by ADEs among patients with ADEs. In total, ADEs caused 9.5% of all direct healthcare costs in the study population.
Sensitivity analysis
For the 2224 healthcare encounters assigned a DRG in the register, our comparison showed that the average DRG weight was higher for encounters among those with ADEs compared to patients without ADEs (0.112, 0.086 to 0.138 vs. 0.068, 0.060 to 0.076) during the study period (p = 0.002). Among patients with ADE, the corresponding difference was not statistically significant between encounters dominantly caused by ADEs compared to 
Discussion
Our population-based study demonstrates that ADEs cause significant costs in healthcare, as the direct costs caused by ADEs during a three-month period were USD 445 per patient with ADEs. We found that 44% of the direct costs caused by ADEs occur outside inpatient care settings. The total societal COI per patient with ADEs, USD 6235 during the study period, was high compared to the COI of patients without ADEs. Indirect costs constituted half of the societal COI for patients with ADEs.
The main strengths of this study were the population-based random sample of adults in Ö stergötland, which is reasonably representative of all adults in Sweden. [7] Moreover, medical records from primary care, other outpatient care and inpatient care, as well as data from registers were used. Thus, we could examine ADEs and costs in detail from several aspects, including direct and indirect costs. The main limitation of the study was its retrospective design, as ADEs may have been overseen due to incomplete information in medical records. Moreover, sick-leave caused by ADEs could not be identified from the medical records, hindering estimation of indirect costs caused by ADEs. Another limitation was that the direct costs for diagnosing, treating and monitoring ADEs were limited to costs that could be identified in the administrative costs data and were therefore probably underestimated. For many of the identified interventions for diagnosing, treating and monitoring ADEs there were no intervention-specific costs available in the registers. As some of these encounters were associated with ADEs, our study underestimated the economic impact of ADEs and our results should therefore be viewed as minimum direct costs caused by ADEs in Sweden.
Our estimated cost per patient caused by ADEs was low compared to the costs identified in previous studies of ADEs in single-episode hospitalisations. [5] However, limited to patients with hospitalisations dominantly caused by ADEs (USD 6209), our results were comparable to published costs per ADE-related hospitalisation (EUR 3105 = USD 3856, [15] in 2004), [17] and cost increases resulting from inpatient ADEs (USD 3420, in [2005] [2006] . [18] Moreover, our estimated proportion of emergency department visits dominantly caused by ADEs (18%) was comparable to previous estimates of 12% [19] and 28%. [20] However, we found that 16% of hospitalisations were dominantly caused by ADEs, which is higher than previously reported estimates (1% of admissions caused by ADEs, [17] and 11% of admissions associated with ADE [18] ). The difference may result from relatively few hospital beds per capita in Sweden, [21] making patients more severely ill when hospitalised, and at a higher risk of complications (such as ADEs). Our estimated direct costs resulting from ADEs were high compared to a study of self-reported ADEs in Sweden. [6] This may be explained by survey respondents reporting fewer healthcare encounters than expected from healthcare use in the general population. As most previous studies have investigated costs using single care episodes and excluded outpatient care, [5] or lacked generalizability due to nonresponse, [6] our study with costs of all healthcare encounters in the general population provides more comprehensive information on the direct costs caused by ADEs than previous studies.
There are, to our knowledge, no prevalence-or incidence-based COI studies on ADEs, other than a survey study on the societal COI for survey respondents with self-reported ADEs. [6] Compared to the survey study, our estimated societal COI for patients with ADEs was relatively high (USD 6235 vs. USD PPP [purchasing power parity] 1500 [6] ), probably due to a shorter study period in the survey study and relatively few healthcare encounters among the survey respondents, as mentioned before. As in the survey study, [6] the higher societal COI for patients with ADEs compared to patients without ADEs was expected in our current study, considering the reported association between healthcare utilisation and ADEs. [4, 5] Similarly to the survey study, [6] the indirect costs in this study represented a large proportion (55% and 33%, [6] respectively) of the societal COI for patients with ADEs. Thus, our study adds to the literature that patients with ADEs have high societal COI, including high indirect costs. Moreover, the high indirect costs for patients with ADEs and the survey respondents' previously reported sick-leave and informal care caused by ADEs [6] suggest that part of the high indirect costs are caused by ADEs, although this could not be assessed from the medical records. The slight difference between the studies may be the result of both disproportionately healthy respondents to the survey (with e.g. relatively low healthcare use), and to the identification through medical records in the current study which excluded individuals with ADEs outside the healthcare system.
Conclusions
In summary, our estimated direct healthcare costs caused by ADEs represented approximately 10% of the total direct healthcare costs in a random sample of adults in a Swedish county. Additional studies are therefore needed to identify interventions to prevent and manage ADEs. This includes research to further analyse the processes involved in interventions for diagnosing, treating and monitoring ADEs during healthcare encounters. Moreover, nearly half of the direct costs of ADEs in the society occurred in outpatient settings. The economic impact of ADEs will hence be underestimated in studies focusing on inpatient ADEs alone. In addition, there is a need for studying a broader variety of costs and outcomes resulting from ADEs, such as productivity loss, to ensure all relevant consequences are acknowledged. The high proportion of indirect costs in the societal COI for patients with ADEs suggests that the observed costs caused by ADEs would be even higher if indirect costs were included in this study.
